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THE BALLOON PROJECT TECHNICAL REPORT

Section 1l. Introduction‘to Problem

On 1 November 1946, the Research Division of the College of
Engineering of New York University entered into Contract No. W28«099-ac-241
with Watson Laborstories, Air Materiel Commend. Under this contract, the
University was commissioned to design, develop and fly constent-level
balloons to carry instruments to altitudes from 10 to 20 km, adjustable at
2 km intervals.

The following performance was specified:

8. Altitude shall be maintained within 500 meters

b. Duration of constent-level flight to be initially 6 to 8 hours

minimum; eventually 48 hours

¢c. The accuracy of pressure observations shall be comparable to that

obtainable with the standard Army radiosonde (* 3 to 5 mb)

Monthly reports have been submitted to describe the progress of the
project, however, much date and details of technical nature were given only
in a qualitetive way. It is intended to collect these data in this technical
report and to review at the seme time the total achievement of this phase of

the project.

Section 2. Method of Attack

A. Balloons
A survey was made of previous attempts to produce a constant-level
balloon; such &s, the experiments by Meisinger1 with manned balloons, the
shrouded meteorological balloon developed by Dewey end Almyz, the Japanese
balloon bombss, and the clusters of meteorological balloons which have been

4
used in cosmic rey investigations by Compton, Korff and others .

-1 -



10, 15, 16

From this survey and a study of aserostatics, it appeared that

a non-extensible balloon is highly desirable due to the vertical stability
exhibited when such a balloon is full of the lifting ges: A non-extensible
balloon with no diffusion or leakege through the walls, which could withstand
a high internal pressure, would autometically remein at the density where

the buoyancy of the full balloon equaled the load. In practice, control
devices are needed to offset the leakage and diffusion of the lifting gas

and to correct for the motion of the balloon due to diurnel changes of

the balloon's tempersture and to correct for vertical wind currents in the
atmospliere., It was decided to use a plestic as the balloon fabric, since
evailable plastics have suitable characteristics, end are also relatively

inexpensive as compered to coated fabrics.

The desirable properties to be considered in the selection of a
plasticbballoon material are:

a. Ease of fabrication

be. High tear resistence

c. Light weight

d. High tensile strength

e. Chemical stability

f. Low permeability

ge Low brittle temperature

h. High trensperency to heat radietion

Teble I is aqualitative-characteristics catalog of the film and
fabries investigated. The data in the table are presented as approximations
because of the great variations of a given property with choice of semples

and test methods. From this study, polyethylene, nylon, saren, and neoprene-



coated nylon seem to be most generally satisfactory.

Eighteen plastics

and balloon fabrication companies were contacted in an attempt to secure

fabricators.

Tebric

Polyethylene

Seran

¥ylon
Vinylite

Teflon

Ethocellulose

Pliofilm

Nylon or silk
febric coated

with:

1. Neoprene
2. Butyl
rubber

3. Folyethylene

4, Saran

Teble I
Ease of
Low Temp. Permea- Tensile Tear Febrica~ Stability to
Properties bility Strength Resistance tion Ultraviolet
Good Medium  Low Good Good Good
Fair Low High Poor Fair Fair
Good Low High Low Good Good
Very poor Medium Medium Good Good Good
Believed Low High Good cennot be Good
good fabriocated
Good Very Low Fair Good Good
high
Poor High Poor Fair Good Poor
Fair Low High Fair Fair Fair
Good Low High Feir Fair Good
Unknown ==

Unknown =-




Table II shows the balloons which have been purchesed trom those

menufacturers who expressed an interest in the problem.

Table II

Film type, thickness, Special Unit Delivered
Company diameter, shape Features Cost to date
He. A. Smith +004 Polyethylene Proto- $150.00 4
Coetings, Inc. 3 feet diemeter type

spherical
H. A. Smith .008 Polyethylene Low $530.00 5
Coatings, Inc. 15 feet diameter Permeability

spherical
H.A. Smith .004 Folyethylene Low $530.00 5
Coatings, Inc. 15 feet diameter Permeebility

spherical
General Mills,Inc. .00l Polyethylene Stressed $20,00 25

7 feet diameter tepe type

Teardrop. seam
General Mills,Inc. .00l Polyethylene Stressed  $125.00 47

20 feet diesmeter tape type

Teardrop. ‘seam
Dewey & Almy A spherical nylon $339.00 2

Chemical Qo.

cloth shroud around
& nevprene belloon,

Teble II is based upon final or modified orders in those ¢ceses where

the repid progress of flight technique rendered certain fe@tures obsolete

before the balloons on order were delivered.

Figure 1 shows the sphericel balloon as originally'designed.' This
type of balloon was mede of ,004 end .008 inch, heat-sealed, polyethylene.
It had several good characteristics, such as very low leakage, but the method
of loed attachment furnished by H.A. Smith, Inc., was not satisfactory. Of
the six balloons of this type which were used, two ripped free from the shroudv

lines during launching.
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Figures 2 and 3 show the tear-drop cell of the stressed tape
design developed by Generel Mills, Inc. The film is .001 inch polyethylene,
butt-welded, with scotch tape laid along the seam to reinforce the seal and
to carry and distribute the load. These strips, which converge to the load

ring at the bottom, actually support the load.

The overloading of & General Mills 20-foot balloon on Flight 12 at
Lakehurst kept the lower end of the balloon open during ascent. The
ceiling was greatly reduced by the resulting dilution of the helium with
gir. On laeter flights en unsuccessful attempt to minimize this mixing
was made, using & 10-foot external eppendix passing through the shroud
lines. This appendix fouled in the rigging and twisted completely shut,
causing the balloon to burst at pressure-altitude. A modification with
a 10-foot appendix outside the shroud lines also failed in actual flight.
Figure 4 shows this appendix construction on & General M lls balloon which
is being inflated. The final style is shown in Figures 5 and 6. It con=-
sists of & 2-foot external appendix stiffened with cardboard battens.
This is teped on the outside of the load ring. It serves as & one-way
valve which excludes eir during ascent but esllows the extra helium %o
valve freely when the balloon is full. No external appendix cen be used
whenever the rate of rise exceeds 600 feet per minute. For optimum balloon
performence, it hes been determined that: 1) the equipment load for the
General Mills 20-foot balloon should be held under 30 pounds; 2) rates of
rise should be less then 900 feet per minute; and 3) for maximum altitudes
en externel & ppendix is needed; hence the limiting raté éf rise is about
600 feet per minute in this case.

Several experimental flights heve been made using shrouded Dewey

and Almy neoprene ballcons, as well as smell end large experimentel cells in

-5 -



Figure 2
Teardrop, .001" polyethylene
balloon, 20 foot in diameter,
designed by Genersl Mills, Inc.
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Pigure 5
Two foot appendix, stiffened, shown on a Genersal
Mills ballon. The swollen inflation tube indicates
that the balloon is being filled.



Figure 6
General Mills 20 foot balloon in
flight with 2 foot stiffened appendix.




verious cluster arrangements. None of these have been too satisfactory
but further investigation will be made in the field of shrouded or oosated
films,

B. Altitude Controls

Given a balloon capable of carrying the instruments to & desired
eltitude (the theory eand computations involved are discussed in Section 3),
there remeins the problem of maintaining the cell at a constant level. The
buoyancy of a gas-filled cell will decrease as the gas leaks or diffuses
through the balloon wall., To hold an absolutely constent altitude, the
volume of lifting gas entrapped must be meintained in an atmosphere of
unvarying horizontal density, with no change in the totel weight supported
by the balloon and with no fluctuations of the temperature of the gas with
respect to the air. The best approximation to these conditions may possibly
be achieved through the use of liquified hydrogen, which would be permitted
to evaporate et a rate in excess of gas leakege. The weight of equipment
required to control this eveporation rate appears to be prohibitive. Liquid
hydrogen, also, is not safe to handle.

Two practical methods of keeping a balloon at nominally constant
altitude have been devised, both using the liquid ballast dropping technique.
(Solid ballast, such as send, does not flow well end is liasble to absorb
moisture which will freeze at the temperatures experienced et high altitudes.
Although a few preliminary flights were mede with desiccated sand, & highly
refined water-free kerosene-type petroleum product,compass fluid, was found
to be more satisfactory),

In the simpler control system, ballaét is dropped at 8 pre-~determined
rate, aimed to slightly exceed the loss of lift of the balloon due to leakage
and diffusion. If this method is successfully used, the balloon stays full

because the remaining gas in the balloon has less load to support; therefore,

-6 =



the belloon cen rise slowly until the balloon is sgain full end the
equilibrium is again reached between the buoyancy end the load. In the
Genersl Mills 20-foot balloon, for example, diffusion losses equal about
300 grams per hour; the balloon at its ceiling of 50,000 feet, with a
30-pound payload, riseas ebout 900 feet with each kilogrem of ballast
dropped. This means that a balloon, using the simple ballest-dropping
technique, will float at & ceiling which rises at the rate of sbout 360
feet per hour. An idéalized flight of this type is shown in the $o0lid
curve of Fig. 7., neglecting the oscillation shown at sunset.

The "manual ballast valve" which was developed for this simple
control system is shown in Fig. 8. This valve can be adjusted prior to
belloon release to allow eny predetermined flow of compaess fluid up to
2000 grams per hour. The filter housing end ballast reservoir used
with this valve are shown in Figures 9 and 10. This method is good where
1) a slowly rising ceiling can be tolerated, end 2) the flight does not
have to go thrcugh & sunset while at its ceiling.

For economy of ballast, hence longer flight duration, it is desirable
to keep the constant flow as close as possible to the total loss of buoyency
resulting from diffusion end leakage. This means thet whenever rapid loss
of buoyancy occurs, due to changes in solar radietion, the manual ballast
velve alone will not sustain the balloon. When the balloon is suddenly
cooled, due to sunset or clouds cutting off ingsoletion (loss of superheat),
the heavy loss will stert the balloon downward and only & r;pid expenditure
of ballast will check its fall and restore its stability.

The second type of baliast dropping control has been devised to
operate on a demand basis, when such a descent occurs, This control is
called the automatic ballast velve, Figures 11, 12 and 13 show the ap-

peerance and design of this pressure-actuated needle valve.

-7 -
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Fixed rate, manually operated
ballest release assembly,
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When the atmospheric pressure outside the diaphragm increases to
5 mb., ebove the internal pressure, compass fluid will be discharged et
the rete of 160 grems per minute under & l-foot heed. Then the automatic
ballast velve is completely open (at 6.5 mb. pressure differential), 300
grams per minute will flow.

The sutomatically operated needle valve is held closed by & loaded
diaphragm until the balloon reaches sltitude. This diephragm is open to
the atmosphere until the balloon d escends from the minimum atmospheric
pressure attained, At that time, en electricel contact is made, firing
e squib which seals the diaphragm mechanically from eny further access to
the external eire. Thereafter, the capsule contains & volume of air which
hes been trepped at the pressure end temperature existing et the time of
operation of the sealing switch. TWhen the ambient pressure increases to
the point where the entrapped air is compressed below this original volume,
the diaphregm will withdrew the ballast control needle valve allowing
baellast discharge to occur.

Figure 14 shows the minimum pressure switch which mekes the electrical
contact &t the time of seal-off. It consists of o trapped volume of air thet
is sllowed to escape through a mercury pool as long as the outside pressure
is decreasing. As soon es the exterior pressure increases, mercury is
drewn into the tube meking the seal off contact between two electrodes.

The dimensions of the eir chamber and capillery tubing are chosen so
thet during operation the change in the volume of the air would be less than
one one-thousendth of the originel volume. The distance between the two
electrodes (one under mercury, the othe within the capillery tubing) was
influenced by considerations of safety end sensitivity. If the distance is

less then 6 mm., sheking during launching is likely to move the mercury

-8 -
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gsufficiently to cause a short between the electrodes, firing the squib
prematurely. If the distance is oo large, however, there will be too
great a height difference between the time of minimum pressure and the
time the electrodes are shorteds For instance, & spacing of 10 mm. would
delay the firing of the squib until the pressure reeched 13.3 mb. above
the minimum pressure., At an altitude of 50,000 feet, the equivelent height
(standard atmosphere)vwould be about 2300 feet. It is obvious thet for high
level flights, & less dense and lower freezing electrolyte for the minimum
pressure switch will be needed to obtain the desired sensitivity of 2000
feet.

By adding the pressure-sctivated automatic ballast valve to the
menuel ballest velve, the complete pattern of the solid cur¥e in Figure 7
mey be achieved ideally. At sunset the rapid cooling csuses descent which
cennot be compenseted for by the menuasl ballast velve., As soon as the seal-
off pressure of the automatic ballast vaive is exceeded by the atmospheriec
pressure, ballast flow is begun, which restores the balloon to its celling.

The dashed curve in Figure 7 shows the action of a balloon when the.
autometic ballast valve alone is used for comtrol purposes. In this case
the balloon will sink slowly from its ceiling (where full buoyency just
equels the load) to the level where the eutomatic ballast velve drops
ballast at a rate equal to the diffusion (the floor). It will be noted
that & flight which is controlled in this manner is less wasteful of
bellast and results in & correspondingly longer flight. The "floor"
determined by this valve veries diurnally as the temperature (hence pressure)
of the air entrapped in the diaphregm is affected by solar rediation. Ihe
emplitude of this diurnal oscillation mey be as much as 6000 feet, the night

level being higher then the day level.



To reduce the effect of verying fluid heads and a corresponding
variation in valve calibration, & ballast reservoir mounting was devised
to limit the head values. This ballast reservoir, after several modifica-
tions, consists of & spun aluminum tenk with filter, mounted on 18-inch
legse It is shown in Figure 15. The legs serve as supports for the other
control units and & head of at least one foot is provided by tubing to the
automatic ballast vealve. Lhe capacity of the reservoir is approximately
five gallons. Figures 16 and 17 show the complete ballest release assembly.,

One other system of eltitude control may be mentioned. This is the
method used by Korff and others® to roughly epproximate constant level
flights for cosmic ray investigations. A number of meteorologicel balloons
are inflated until they will just support the flight load. A few other balloons
are added to the train to give a free lift appropriate for the desired rate
of rise (see Computations, Section 3). At some time after release these
"lifter" balloons burst due to over-inflation, or are released by a pressure
or time-activated mechanism. If the originel balance was correct, and the
effects of superheat and diffusion cancel each other, the cluster of cells
may float. When one or more of the balloons bresks, or leaks excessively,
the train will descend. Although this method was used in early experimental
flights it proved to be useful only as & stop-gap method of carrying gear
aloft for test purposes. No modification of this basic technique seems likely
to produce even & consistant flight pattern due to the uncertainty of properties
and behavior of these inherently unsteble balloons.,

Ce Altitude Determination

In order to evaluate the performance of the basic control
apparatus, an investigation of pressure-measuring equipment and telemetering

gear has been made. The problems of measuring upper-air conditions in general
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may differ markedly from the problems of surface measurement. For example;
for any instrument used on a2 floating balloon, some consideration must be
given to the effect of solar radiation on its behavior. As mentioned in
the discussion of the autometic ballast valve, this effect is especially
important in the action of any eaneroid or other capsule which is not com-
rletely temperature compensated. Since the floating balloon will remain
within one parcel of air, rising and falling and moving sidewise as the
air does, temperature extremes will result from radiation effects and lack
of veﬁtilation. One investigator9 has estimated that the temperatures to
be experienced by such a body range from -60°C after = night of radiation
to a maximum of $50°C in direct sunlight. Two ways of partially circum-
venting the undesirable results of this feature are:

l. Temperature compensation of the pressure capsule for some pre-set
pressure. This campenseation is only complete at one pressure.

2. A second method of reducing insoletion effects is the use of
highly reflective shields.

The methods of height determination used so far are not completely
satisfactory. Fressure-heights have been obtained by 72 mc. and 397 mec.
rediosonde transmitters with long-life battery packs. Difficulties have
been experienced in all long flights due to:

1, Signels being lost due to excessive range or to power failure.

2. TVhen the balloon begins to float and height oscillations result
from the action of the autometic ballast valve, it is impossible
to identify the radiosonde contact (hence the pressure) using the
conventional baroswitch of the Diamond-Hinman type radiosonde.

These steps are now being teken to improve height measurements:

1. The addition to the flight train of a light-weight barograph,
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This ecould provide up to 40 hours of pressure-time data if

recovered.

At present, about 60 percent of the flights have

been recovered.

2. The adoption of a time-intervael or Olland-cycle radiosonde

system for telemetering pressure data.

3. Expansion of the network of ground tracking stations equipped

with SCR-658 direction finding sets to incresse reception of

date telemetered.

Figure 18 shows the aree to the east of

Alamogordo, New lgxico, and the probeble bounderies of flight

paths following release from the Alamogordo Army Air Base,

Teble III shows the prevailing wind data on which these probable

boundaries are based.

Also shown in Figure 18 are the desirable

locations for SCR-658 sets and the overlep of reception ranges

which could be expected, using stations at Alamogordo, Roswell,

New Mexico; Hobbs, N.Mex; and Big Springs, Texas,

El Paso
Roswell
Albuguerque
Amarillo
Big Spring

Abilene

TABLE III

AVERAGE WIND INTENSITIES IN BEAUFORT SCALE
AND WIND DIRECTIONS AT ELEVATIONS TO 10,000
METERS FOR NOVEMBER AND DECEMBER 1944 AND 1945

NOVEMBER
Year Surface 1,500 M 3,000 M 5,000 M 10,000 M
1944 N=3 NE-1 WSW=5 W=7 -
1945 N=3 WSW-3 WSW-5 W=7 -
1944 S~1 VWS W-4 - -
1945 S=3 Ski=1 WNW=S W=7 -
1544 SE-3 - W=3 W=-6 W-9
1945 N3 - WNW=5 W-8 Yi-9
1944 SSW-4 W-4 WSW~-5 W=7 Wew-11
1945 SW=4 SWi~4 W-6 WNW-9 --
1944 - WsW=-4 TNW=-4 W=7 WSwW~9
1945 - SW=3 W-6 WNW-7 -
1944 —~ - - - -
1945 - - - - W-10
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DECEMBER

Year Surface 1,500 M 3,000 M 5,000 M 10,000 M

El Paso 1944 N=3 NNE-1 W-2 NW=1 -
1945 NNE=-3 W3 MW-6 WNW=-6 -
Roswell 1944 S=-1 Nw=3 NW~4 WNW-6 -
1945 SSE-3 WSW-2 WNW-5 WNW-8 -
Albuguerque 1944 N=3 - WNW-4 WNW-6 W=-10
1945 N=-3 - NW=-6 WNW-8 WNW-9
Amerillo 1944 NW-4 NW-4 WNW-6 WNW-6 WW~8
1945 SW=3 V-2 WNW-5 WNW-9 -
Big Spring 1944 - NW-4 NW-5 WNW-6 -
1945 - WSW=3 W-6 WNW=-7 -

D. Tracking Devices: Horizontal

The flights made in the eerly part of this program were tracked
optically with theodolites. Coupled with the height date, theodolite
readings provide e fairly relisble horizontal locus of the balloon. However,
even in the clear air of New Mexico, this method is useful for not more than
100 miles and, unless accurate height data are availeble, theodolite stations
provide useful deta for not more than 40 miles.

Aircraft observations have been used with some success when the ceiling
of the balloon is not too great. It is expectéd that en inverted AN/kPQ-lS
redar, mounted atop a B-17, will greatly augment the horizontal tracking
and will be of some value in determining height.

The most useful equipment for determining horizontal movement of the
balloons has been the SCR-658 redio direction finding set. Long after the
vertical engles registered by this gear are questionable (due to reflections
of f intervening terrain), the horizontal angles are useable. Used in sets
of two or more, or coupled with height data, these observations give good
positions with distences up to 150 miles. Figure 18 shows the coverage a
network of four of these sets would provide. In contrast to the theodolites

end aircreft observetions, these instruments are perfectly operative when
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the balloon is not visible due to haze, cloud cover, etc, Ground redar
has been used, when aveilable, with fair results, particularly when radar

tergets are added to the flight train,

E. Flight Termination Control

Due to the size and weight of the balloons and the flight gear,
the Civil Aeronautics Authority wes edvised of the testing program. At a
meeting in New York on 20 March 1947, the New York Air Spece Sub-Committee
prescribed a procedure which was designed to minimize the hazard to air
traffice Similarly, the Fort Worth Sub-Committeée established a procedure
for flights mede within the Fort Worth negion of the CAA. Pertinent cor-
respondence with the CAA is included in the Appendix, Fart 2. Owing to
the size of these cells, & very slow rate of descent should be expected
after all ballast has been expended and the flight control devices have
ceased to operate. Thus a large balloon and several heavy pisces of
equipment might teke an hour or more to descend through the levels of
air travel. Despite the extreme improbebility of midair collision, it is
obviously desireble to teke all possible precautions ageinst such mishap
and current flights heve the following safeguards: (1) Flights are released
on days when cloud cover is forecast to be light, thus permitting visuel
contact. (2) Notices to airmen are to be issued if the balloon is descending
within designeted regions of dense air traffic. (3) To reduce the time
involved in e finel descent, a special device called the "blowout patch®
has been dleveloped. This is an igniting squib which is fastened to the
side of the cell, on the equator. Sealed in with the squib, which is fired
electrically when the cell descends below 20,000 feet, is & quantity of
Bunpowder and megnesium. When the squib is fired, the incendiary patch

blows out, allowing e rapid escape of gas through the opening. Since the
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patch is on the equator, the cell does not collapse but serves as a-
parachute to prevent extremely rapid fall and damage to the instruments.
Figure 3 shows this patch in position on a balloon. Due to premature
firings, 8 time switch hes been built into the circuit to prevent misfiring
in launching. A rip device will be developed to replace the incendiary on

all future flights,.

Section 3. Theoretical Relationships and Computations

A, Altitude-Density Relationships

An investigation into the relationship between d ensity of the
atmosphere and altitude, with the seasonal and geographical variations
experienced,was made. The basic deta, mean aerological soundings, were
taken from the Monthly Weather Review, 19436. These basic date consisted
of observed temperatures, pressures, and humidities for altitudes from the
surface up to the bursting height of balloons, normally 50,000 to 60,000
feet. For altitude above this height, the highest reported temperatures
for the stations under consideration were used and the pressure date were
taken for the remaining altitudes up to 100,000 feet, from the N.A.C.A.
Stendard Atmosphere7,

Density was expressed inversely in terms of pound molar volumss,
as this relates volume in cubic feet to buoysncies of geses of varying
purity, using fundamental data. Using the simple gas laws, the molar
volume of dry air at each altitude was computed in the following menner:

Given: (1) The pound molar volume of eny gas at standard

conditions=359 ft.3
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(2) From the meen sounding dete at 49,200 ft. (15 Xm.)
over Lakehurst, N.J. (Jan. 1943).
Temperature =-59.5°C.

Pressure = 120 mb,

Temperature Pressure

Molar volume x (observed) x (stendard)
(standard) Temperature Pressure

(stendard) (observed)

= Molar volume at observed conditions.

. 3
Z75 .2 o5 - 2370 ft.

This is the mean pound molar volume at 15 km for Jan. 1943 over
Lakehurst, N, J. This volume data was computed for levels up to 100,000
ft. over several stations end mey be found in Appendix 3, plotted on the
left hand side of figures 19 and 20,

B, Load-Diameter Maximum Altitude Relationships

Molar volume is related to buoyancy in the following fashion,
Using 98% hydrogen of molecular weight, 2.11 lb./hol. end dry air of
molecular weight 28.76 lb./mol., & buoyancy equal to the difference,
26.65 1b/mol. (See Table IV) is available whenever one pound moleculer
weight of hydrogen displaces one pound moleculer weight of dry eair under

the same conditions of temperature and pressure,

TABLE IV
Buoyancy per Pound-Mol.
Helium (98%) 24,6 #/4mol, or
11.1 kg/#mol

Hydrogen (98%) 26,64 /fmol, or
12.1 kg/#mol

- 16 =



The number of mols in & balloon volume mey be readily computed
by dividing the air density, expressed in moler volume, at a given
altitude into the balloon volume. The 1lift of the gas filling the
balloon at any altitude is then equal to the number of mols multiplied
by the buoysncy per mol. For exemple: To find the 1lift of the gas in
a completely inflated (hydrogen filled) bealloon of 20-foot diemeter,
at an altitude where the pound molar volume is 1000 ft.3 (This is equivalent
to about 30,000 ft.):
Volume of a 20-foot diameter sphere = 4190 fts,

Number of mols in sphere at this altitude = 4190 = 4.19 mols
1000

Buoyancy = 4.19 mols x 26.65 #buoyency/mol = 111.7 # 1lift given by
the gas at 30,000 feet.

In one step, this becomes:

Gross Lift/Belloon = (Balloon Volume) x (Difference in moleculer weights of

air end lifting gas)
Molar Volume at e given altitude

Conversely, the maximum eltitude to which a given size balloon will
carry itself and a specified load can be determined, as & molar volume, which
mey be evaluated from a graph of altitude versus molar volume. Such graphs,
computed as in Part A of this Section, are given in Figures 19 and 20, at
the left hand edge.

Hydrogen end helium lifts were computed for various molar volumes
for spheres of lifting gas with diameters from 7.5 to 75 feet. Figures 19
and 20 were plotted using the values computed. To use these figures to
determine the meximum sltitude of & balloon with a specified pay load, enter
the teble with required buoyancy (balloon weight plus payload). Go vertically

to the diagonal line representing the balloon's size, and then read horizontally
on the left hand edge, either the molar volume or the equivalent altitude over

-17 -
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semple stetions. Figure 21 shows the calculated net 1lift of the General
Mills balloons.

C. Balloon Diameter-Weight Helationships

To facilitate design discussions, charts have been drawn up
relating the approximete weight of a balloon to its size and the unit
weight of the balloon fabric. A ten percent increese is added to the
weight over that determined from the surface area to account for seams
end shroud lines. Figures 22 and 23 are these charts,

D. PBRate of Rise

It is important that the rete of rise of a balloon be neither
too fast nor too slow, For example, if a General kills' 20-foot balloon
rises faster than 900 feet per minute, there is danger of rupturing the
balloon when pressure eltitude is reached. On the other hand, if retes
of rise under 400 feet per minute are chosen, since the freevlift will
be quite low, there is danger of: 1) a slight error in inflation resulting
in the balloon's being unsble to lift the equipment, or 2) with & wind much
in excess of the rate of rise, the up-wind release failing due to the
dragging of the equipment prior to its being lifted by the balloon.

To compute the free lift necessary for a given rate of rise, the
equetion developed by Korff4 is used. This equation is:

V = 412 (F)

(G)

where F = free lift in grams

Gl o

V = rate of rise in faet per minute

G = gross lift in grams

For our purposes, we wish to find F and have modified the equation
to read:

- 18 -
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2 2
Fa (T‘I%) % (G > 3 (Approximate)

where G = gross load

A chart, Figure 24, has beendrawn up, based on this equation, expressing free

1ift as a percentage of gross load, allowing the rate of rise to be approximastely

predetsrmined.,

E. Ballest Requirements

The emount of ballast which must be dropped through the manual
ballast valve to keep the balloon at its ceiling, can be approximately
determined by the following measurements: & balloon of similar size and
construction is inflated and its loss of 1ift with time is measured with
correction for veriation of temperature. This inflation is not complete,
but is of the same magnitude as that of a balloon ready for release,
approximately 14% of full infletion in the case of & General ¥ills balloon.
The loss of 1ift per hour, multiplied by a factor representing the increase
of the surface which results from total inflation, is thus obtained. This
factor is the reciprocal of the fraction of inflation raised to the two-thirds
power for a spherical balloon, and is epproximetely the same for the tear-drop
shaped General Mills balloons.

Field experience hes shown that ballast leak pre-set to slightly exceed
the computed loss of 1lift is insufficient. A ballast lesk of double the
computed loss of lift has usually been adequate. It is believed that increased
liquid viscosity and valve closure caused by the colder temperatures of the
high etmosphere ere responsible for the need for this higher ballast setting.
An investigation into temperature effects on the ballast release systems has
been started.

The amount of ballast which must be released =t sunset to compensate

for the loss of superheat, may be computed as follows:
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AG:GzA_%"__x(l*K)K

where A G = loss of lift

G = gross loed (balloon weight plus

equipment load)

AT = mean temperature difference in

lifting gas before and after sunset

T = free air temperature

™
n

specific gravity of lifting gas,
relative to air

The specific gravity of 98% helium, diluted with eir, and with
respect to air, is 0.157. It may be noted that with a lower specific
gravity of a gas, lower ballast corrections are required. Hydrogen, for
exemple, requires half the ballast which helium requires for the same
temperature differential, At high aeltitudes, a difference of 40°C may
be expected in the temperature of the lifting helium from dey to night.
This would correspond to & loss of lift at sunset, on a General Mills 20-
foot balloon, of about 550 grams,

F. Internal Pressure

The meximum internal pressure which can be held within a

spherical container is given by Timoshenkosz

P=2%Syxt

r
where S, is the ultimate strength of the material
in tension, t is thickness of the meteriel end r is the radius of the spherical
shape. Applying this equaetion to & polyethylene film, such &s used in the
Ceneral Mills 20-foot balloons, S, &t room temperature = 1900 psi., t = 0.001",
end r £ 10 ft., giving the meximum pressure, P = 0,032 psi. This pressurs is
equivalent to about 1.1 inches of water, or 2.5 mb., This smell bursting pres-

sure necessitates proper inflation end load values to prevent the balloon's
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bursting et pressure altitude.

A series of forms which have been used to facilitate computations
have been dravwn up. They are included in Appendix 3, together with a table
of altitudes based on the N.A.C.A. Steandard Atmospheree, snd other useful

reference tables.

TABLE V
Glossary

Equipment load: Weight of all equipment, rigging, end ballast hung from

the balloon shrouds not including balloon or its integrel
parts.

Gross load: Load on the ges at relesse (Balloon plus equipment load weight).

Free lift: Net 1lift of the balloon with the equipment load attached.

Gross lift: Lift of all of the gas in the balloon at release (Equals weight

of the balloon, equipment load plus the free 1lift).

Balloon inflation: Gas inflation to be given the balloon in terms of
initial 1ift of the balloon (equals weight of equip-
ment load plus freé 1lift plus allowance for gas
losses before launching).

Floor: The locus of altitudes st which a balloon will float when 1lift
losses are exactly compensated for on a demand basis by ballast
dropping. In practice, this is determined by the operation of
the automatic ballest release and is some altitude below the ceiling.

Ceiling: The locus of pressure altitudes et which & non-extensible balloon

will float when ges losses are slightly over-compensated for by
ballast losses.

Pressure Altitude: The altitude at which & non-extensible balloon becomes

fully inflated.
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Pressure Height: The height above mean sea level as determined from
préssure measurements used in this work with the

N.A.C.A. Standard Atmosphere,

Section 4. Flight Techniques

The general techniques of preparing end leunching controlled sltitude
balloons are patterned efter those of the smeller radiosonds balloons. The
treatment of large, manned balloons hes been studied, however, and informetion
of considersble value has been gleaned; as from the National Geograephic Society
reports of the flights of Explorer I and Explorer IIll’lz, and from the book
by Upson and Chandlerls. From these and other studiesls’ 14’and from original
experimentetion with General Mills edvice, a satisfactory technique of handling
controlled-altitude balloons has been developed.

A. Inflation

The lifting gas used for these large balloons has been helium.
The choice of gas was made on safety considerations. Hydrogen, however,
has several advantages over helium. It will 1ift 9% more than helium and,
due to its lower specific gravity, requires but 50% of the ballast relesse
that helium requires to correct for diseppeasrance of superheat at sunset.
Helium, on the other hend, leaks and diffuses at & rate but 70% that of
hydrogen. However, for long flights, hydrogen would probably have more
over-all economy of ballast,

Inflation has been made through a low-pressure, diffusing menifold,
feeding from a number of helium tenks simultaneously to the balloon. The
smaller balloons heve been inflated inside 8 hangar, permitting very exact
weigh=off of the balloon's free lift, thus predetermining the rate of rise
fairly well, The plastic balloons larger then 15 feet in diameter have

generally been inflated out-of-doors, as no hangar lerge enough for interior
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inflation hes been availsble,
The 20-foot General Mills balloons ere inflated through a tube
in such & fashion that the gas collects in e bubble et the top of the
balloon. The tube is inserted by the manufacturer and is shown in Figure 5,
If this bubble is restricted, the wind cannot cateh end meke & sail of it.
(See figure 25for the sail effect.) The actusl technique of inflation is as
follows:
In actuel inflation the belloon is spread out on & ground cloth
which covers the launching tesble and a belance. The balloon is
arranged so the upper 18 feet projects beyond the balance. Two
heavy (80f) elliptical shot baegs (see ¥igure 26) are covered with
polyethylene and placed on top of the balloon on either side of the
inflation tube. The platform is then made to baiance. The lower
end of the balloon is weighed and then stretched out again dovn wind,
held down with sand begs and polyethylene strips. A weight equal to
the weight of the lower half of the balloon, plus the equipment weight
end the desired free lift is pleced on the balance. Inflation is
started, taking cere to get all twists out of the inflation tube
before allowing full ges flow. When the balance beam falls, in-
flation is complete (care must be exercised to guerd egainst under-
inflation due to wind moving the balloon on the belence). The in=-
fletion tube is carefully removed, end the helium truck is moved clear.

All persomnel are now positioned for release.

B. Release
During the early portion of the experimentel period, flights of
meteorological balloons in clusters were launched. The first flights were

mede with balloons hitched one above snother along & single strong load line.
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Figure 25
General Mills 20 foot balloon
billowing in & five knot wind.
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With these and subsequent rigging lines the following technique was used:
on all lines & strength test was made and a safety factor of at least ten
to one was demanded. Most of the lines used are of breided or woven nylon,
chosen for its low weight-strength ratio. To facilitate handling of the
line segments each length is prepared with a small hook on either end. The
knots employed are double carrick bends.

The total length of the early trains reached as much as eight hundred
feet, meking them extremely difficult to release. A system of restraining
the load line was evolved with two winches paying out restraining lines
while balloons and equipment were added to the loasd line. In this way the
pull of the balloons themselves and the much greater strein caused by even
light winds was held by winches. When the final piece of equipment wes
clear of the ground (arwhen the entire flight line was wunder tension with
the lowest element being held back) a gunpowder squib wes electrically fired
to sever the restraining lines near the bottom of the balloon; Figure 27
shows the aluminum "cannorn" holding the gunpowder, the two wineh lines and
a light line used to pull the restraining lines away from the load line after
firing. The loed line has not yet beer attached in Figure 27, but will be
fixed just above the "cannon",

When the restraining line is severed, there is danger of & pendulum
swing of the train ceusing the lower components to be dashed into the ground,
To avoid this action, the lowest piece of equipment is usually held by a
member of the crew on the back of a truck. By driving downwind faster than
the surface wind speed, the pull of the balloon can be resolved into only a
vertical component and the equipment may be safely released when the truck
gots under the balloon.

With leter plastic cell flights, this method of launching was also

used in cases of light wind., Vhen winds of about 5 knots are encountered,
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Figure 27
Aluminum "cannon" and launching
lines used to restrain balloon while
load is being attached.




the total strain on rigging linés and even on the balloon itself becomes
excessive. With the thin polyethylene film of the General Mills*' balloons,
such a wind force causes the balloon first to billow, sail-like, as ih Figure
25, then to tear.

To eliminate surfece failures on days when the wind is not calm, the
following release technique is employed: The equipment train is laid out
parallel to the wind direction, with the balloon in the lee of & large build-
ing and the other components stretched out downwind. The central portion of
the balloon rests on a platform balance ard the 1ower portion rests on a
sloping eleven~foot table whose top is level with the platform and whose
bottom rests upon the ground, The upper portion of the balloon ususlly
lies on another table, level with the platform. Except for this upper
portion, the belloon is held down on the seales and sloping table by bags
of send and lead shot. In addition, one send bag is fastened to the lead
thimble of the balloon by a short line which is kept taut during inflation.
This layout is shown in Figure 28,

When the balloon is inflated, it is held down a t the weighing-off
scales by the shot bags. Personnel requirea for the launching consist of two
men et the hold-down shot bags (who lift the bags at the release signal), ané
man near the large sand bag (who cuts the line to the load thimble when the
balloon rises above him), one man at each piece of sensitive equipment on the
train (to support and protect the equipment until it is airborne), one man
at the lower end of the hold down line (who fires the ocannon severing the
last line wher the gear is all safely lifted).

If each operetion is performed when the balloon is directly overhead
and if the train has been accurately laid out downwind, the entire train is
sent off with & minimum of oscillation of the load. Figure 29 shows successive

positions of the balloon and gear during release.
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Tis method of release is e development of the upwind release used in
radiosonde flights in the U.S. Weather Bureau, with refinements first used
by General Nills Aeronauticel Research Laboratofies and necessiteted by the
larger balloon sizé end the number of components on eech flight.

Using this method, successful releases were made at Alamogordo in
winds of 20 miles per hour with gusts up to 30 miles per hour.

C. Recovery

Much additional informetion on the behavior of the train components
cean be gained if they are recovered. Two methods of recovery are employed:
1) rewerd tags and 2) recovery by the balloon crew trackiﬁg the flight.

Reward tags sttached to several componerts have encouraged the finders
to protect thé equipment and report its location. The teg and associated
questionnaire are included in Appendix 3. Totel recovefy of flights to date
is ebout 607 of those released.

When the location of the balloon is known by visuel cbservation from
an airplane, or the landing area is indicated by direction-finding geer,
recovery is ettempted By truck by the balloon crew or the crew et one of the
downwindvstations. Several successful recoveries have teen made of flights
of relatively short renge. It was found in earlier attempts %hat the ballomm
equipment was & difficult target both in the air and on the ground. Con=-
sequently & colored cheesecloth banner (6 by 12 ft., stiffened top end bottom)
was added to the train. It also is & convenient'harknr for theodolite stadia
measurenents. A bannér may be seen in Figure 30.. White benners seem to be
the most generally useful.

Section 5. Flight Summary

A summery of pertinent informetion on all flights made to dete is

included in Appendix 1 as teble VII. Also shown bhere are flight train
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Figure 30
General Mills 20 foot balloon
in flight, showing banner and other
flight trein components.




diagrems, time-height curves, trajectories and photographs of signi-
ficant flights, grouped by flight numbers. The flight numbering system
has been revised since its inception and now only those flights in which
an attempt wes mede to control the altitude of the balloon are included
in the summary. Excluded are flights made to test special gear and
launchings which were not successful.

Flights A, B, 1, 5, 6 and 7 all made use of meteorological balloons
in various arrangements and combinations. Each flight included one or
more "lifting balloons™ which were to be released from the trein when
the desired altitude wes reached, the other belloons then theoretically
supporting the load at the constant altitude.

Figures 31 and 36 show the two methods used to group the balloons
in clusters. Figure 31 shows the linear array borrowed from cosmic rey
flight techniques; figure 36 shows the modified "Helios Cluster" in which
lines from the balloons ere joined at & central ring at the top of the
load line.

The Helios cluster was by far the easier to handle beceuse of the
simpler rigging anrd the reduced launching strains.

Flight 7 was the only one of this group in which enything approach-
ing & controlied altitude was ettained. The previous flights failed to
level off when the lifting balloons broke loose.. In flights 1, 5 ard 6,
whefe ballest dropring devices were included, the ballast either did not
drop, or the dropping did not have the desired effect. In flight 7,
however, the cluster rose till the lifters were cut off, descended until
sufficient ballast was dropped to cause the cluster to rise to a still
higher altitude. There severel balloons burst, resulting in a final

descent. The time-height curve for this flight is shown as figure 38.
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This flight pattern represents the best approximetion to constant
level flight that we have obtained with meteorologicel clusters.

Flights 8 and 11 each employed more than one polyethylene balloon
in an attempt to reach higher altitude than possible with the single
balloons then available. Figure 39, 40, 41, 44 and 45 show the type
and arrengement of belloons end their flight behevior. In both flights,
the meximum altitude wes not high enough to cause activation of the
autometic ballast valve. Consequently, there was no compensetion for
diffusion other than the steady leaksge of ballast through the imperfect
seating of the valve. In flight 8, after one hour, this leak was not
sufficient to maintain & constent altitude, so the flight terminated.
However, in flight 11, constant altitude was meintained at 16,000 ft.
:_1500 feet for 7 hours until eall of the ballast was expended.

Flight 10, in contrast to flights 8 and 11, did reach an altitude
at which the automaetic ballast control was actuated, resulting in a
flight of perheps more than 26 hours. Although the maximum altitude
reached by this heavy sphericel cell was 15,000 feet, the ballast control
was effective at a level of S000 feet. The expected difference between
ectivation level end operation level was probably exceeded because of the
temperature effect of the air entrapped in the pressure capsule.

Figure 42 shows the train, and figure 43 shows the time-eltitude
curve for the 512 minutes of rediosonde date.

The oscillations eround 9000 feet during the last two hours of
deta may be attributed to the changing buoyancy of the balloon as cloud
messes intermittently shielded it from the sun's reys. An unconfirmed
report was received to the effect that this balloon wes still floating

26 hours later over Pueblo, Colorado.
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Flight 12 was designed to overcome the difficulties encountered
in flights 8 and 11, and, by the use of & thin tear-drop balloon (Genseral
Mills balloon) to carry the load to & higher eltitude than flight 10.
To guarantee & predetermined constant ballast flow, the manual ballast
valve was added to the flight train., The minimum pressure switch
replaced the fixed pressure switch to activate the automatic ballast
valve, whether or not a predetermined activation altitude was reached.
Figure 46 shows the train; figure 47 shows the time-altitude curve, which
exhibits & marked departure from the ideal. The minimum pressure switch
feiled to operate or operated near surface pressure, effectively preventing
the operation of the sutomatic ballast velve. The menual ballsst valve did
not provide sufficient flow to prevent the gradual descent of the balloon.
Finelly, the heavy load necessiteted almost complete inflation of the
belloon at the surface. This distention permitted continual mixing of
air through the open bottom of the balloon. Instead of reaching the pre-
calculated 38,000 feet maximum eltitude, this flight hed a peak of 14,000
feet from which it slowly descended. Since the blowout patch was set to
act upor descent to 20,000 feet, it also failed to operate.

Five of the succeeding flights (nos. 13, 14, 15, 16 and 20) had as
e prime objective the development of a satisfactory appendix to overcome
the loss of buoysncy due to mixing during leunching end ascent. The types
cornsidered have been discussed in Section II, Part A of this report and
the (two foot) appendix stiffened with battens, which was finally evolved,
is shown in figure 5. Figures 48, 49 and 50 show the time-altitude curves
for these flights. Either short flight or limited radio reception curtailed
the trajectory data.

In flight 19, the danger to persamnel of the blowout patch was
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drematically demonstrated by its firing 30 seconds after release. Leunching
shocks caused the baroswitch pen-arm to fell off its shelf, completing contact
prematurely. In later flights, a time delay switch was placed in series with
the baroswitech to prevent a recurrence of this action.

Flights 21, 22, 24, 26 end 27, although carrying altitude control
devices, were flown to test gear for associated projects. Either no pressure
reporting gear was carried or the data from modified gear proved unrelisble.
Herce few performence data charts are presented.

Flight 21, using a late-model General ¥ills 20 foot thin cell and
an autometic ballast valve, is lnown to have lasted for ten hours, descending
at Marietta, QOklahoms.

Flight 22, included an eerlier model General Yills balloon with a
high rate of gas leakage, end an autometic bellast valve. The ballast control
kept the belloon aloft, but for only six hours.

Flight 24, including an automatic bellast velve, is believed to have
meintained constant level, * 1,000 feet, for 122 minutes. It stayed aloft
for at least Sé‘hours, when transmissicn ceased. The time-altitude. curve
is shown in figure 51.

Flignt 27 employed a fixed reate of leak rather than an automatic
ballast valve. The manusl control did not provide sufficient ballast flow,
accounting for the time-altitude curve shovm in figure 52,

Flights 29 through 37 and flight 39 were underteken to test the
downwind launching procedure, to try for higher constant level altitudes,
and to determine the feasibility of using the General Mills thin cells for
frequent service flights. Flights 37 and 39 burst early. The former was

released during e reinstorm and balloon failure occured at the seams.
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Flight 29, with a manual ballast velve, was released just before
suset on 22 November., It was observed descending 50 miles north of
Toronto, Ontario, Canada, 14 hours later. The average wind was 130 mph,
Radio receiption was for 69 minutes,

Of the other recent flights, satisfactory radio performence was
enjoyed only on flight 36. Before any more flights are made, & better
trensmitter and battery pack will be needed. Even on this flight the
signal was lost after 135 minutes, due to excessive range. The last
plotted position was northeast of Tucumecari, .M. This flight was recovered
from Burlington, Iowa.

Time-height curves of this series are included in figures 53, 54
and 55. Despite the limited date, some results can be determined. For
example, flight 32 is believed to have floated for at least 7 minutes
within 1,000 feet of & constant level above 40,000 feet MNSL.

Flight 35 also exhibited 32 minutes of constent-level flight before
the redio signal was lost. TFrom the remarkable distances that some of
the others traveled (See flight summery Table VI, Appendix I) it is almost
certain that they floated for long periods.

These flights included a simple-filter manual ballast valve assembly
(Figure 9) designed to reduce equipment weight and cost. The performance
of this equipment justifies its continued use for reletively short flights.

Considerable difficulty was experienced with the type of filter used.
Experiments are now being conducted to improve the filter,

Because of limited data received from earlier flights, mcdified
Fergusson meteorographe were added to the equipment trein on flights 33,

35 and 39, As of January 1, 1948 none of these instruments have been

recovered,
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Flight 17, using a fifteen-foot balloon of ,004 Polyethylene is
worthy of special consideration. The thickness of this type of cell
eliminates much of the prdblem of appendix design since more internal
pressure can be withstood. Despite this factor, and the low permeability
of the fabric, balloons of this type are too heavy and costly to be used
for high altitude flights,

The trajectory and time-altitude curve of this flight are shown
in figure 56 and 57. This controlled-altitude flight demonstrates that
the automatic ballast valve combined with a fixed leak, will successfully
maintain constant altitude through a sunset, The balloon floated at 29,000
feet :'500 feet for at least three hours, after which the excessive range
prevented further radio reception. Here again the necessity of a barograph
was demonstrated as the balloon was recovered from Pratt, Kensas, 530 miles
aways Two flights, 23 and 38, were made using the shrouded Dewey and Almy
J=2000 Neoprene balloon., Both of these flights were failures., Flight 23
(see figure 48) attained a meximum altitude at 50,700 feet and begen to
descend immediately. Flight 38 (see figure 55) was observed from a B-25,
and the balloon was seen to burst within the shroud.

Section 6. Current Objectives

In order to meet the requirements for future flights, improvement

must be made in three phases:

l, Performence data for too many flights have beer either uncertain
or of too short duration. Before more flights are undertaken,
eltitude-measuring instruments must be improved and increased.
To this end, four specific improvements are being urdertaken:

A. To supplement the pressure data received by radio, &
lightweight barograph will be added to those flirht
trains in the future when flights of more than a fow

hours' duration are attempted,
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c.

The improvement of radio transmitter gear; it is
plenned to utilize the three megacycle transmitter
developed in the Electrical Engineering Laboratories
at New York University. In previous tests, this has
provided clearer reception and a longer range for
comparable weight then either the 72 megacycle or
397 megacycle units previously used. To provide
direction finding, 397 megacycle carrier signal will
also be transmitted which will be tracked by SCR-658
sets. It is also hoped that a better light weight
battery pack can be developed for airborne use.
The Olland cycle time-interval method of presssure
measuring end data presentation is being adapted,
with the following edveantages anticipated:
(1) The direct interpretation of pressure date
in terms of the time interval eliminates the ambiguities
jnherent in counting pressure contacts in the Diamond=-
Hinman system. Used in conjunction with the Brush re-
corder operating et medium speed, and with four turns
on & helix rotating once & minute, the pressure read-
ability of this system will be better then one millibar,
(2) Under noisy conditions the recorded data obtained
with this system will be more readable than the audio
signal now being employed. When orly pressure deta is
being transmitted, this system canie more economical
of power than is a system of modulated audio frequencies,
(3) In cases where date other then pressure is elso

to be transmitted on the same radio channel, the pressure
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signels may be arranged so as to consume & very
smell portion of transmission time,
D. The duration of radio reception and of positioning data
mey be greatly extended by appropriately equipped airecraft.
It is intended to utilize & B-17 with top-mounted rader to
search ebove the plene for tracking. Depending upon the
noise-level encountered, it mey be possible to aecquire
pressure date with & receiver in the plene. It may be
necessery to provide at least two aircraft for continuous
reception over long periods.
It is very desireble that the simplified light-weight ballast
control system for flights of less than 24 hours' duration be
perfected. The elsborate ballast assembly with the sutomatic
ballast valve will not be needed for the meny contemplated
flights which will be made with & useful life of less then
eight hours. A lower-capacity reservoir with menusl ballast
velve and filter provides & light-weight, inexpensive unit.
Tests are now being conducted to find the best design for these
components.
In order to float a balloon at & pre~selected meximum eltitude
it is necessery to supplement the variation-of-ballest with & new
height control system.
A. With a given balloon, and given total loed, it is
possible to forecast the meximum height, (See Section
III for the computetion.) If verious meximum heights
are desired, this maximum height mey be varied by

varying the total loed, or verying the bouysncy of

the balloon through veriation in balloon volumes
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The method used heretofore is variation of balloon
load through changes in the emount of ballast used.
However, there are upper and lower limits on the
emount of ballast that cen be used, duse to the
strength limitetions of the fabric. Also, the "height
sensitivity"; +that is, the ratio of change in altitude
to change in load, is not great enough to provide suit-
able choice of heights.

B. Another attack is to effect a change of volume by
making openings belcw the equator of the balloon.
The volume of gas contained in the balloon envelope
is then obviously limited.

C. If this method of height control proves to be un-
satisfectory, still other control mechanisms will be

sought.

The three objectives, with their indicated subdivisions, will be
pursued to better effect control of the balloon altitude. A parallel
pursuit will be the investigation of other balloon types and sizes, in
addition to the satisfectory General Mills Polyethylene models now in
use. Thus, plens for the future include both the development of control
devices currently under test and also a.broad, general study of the basic

components of constent-level balloon treins from the theoretical as well

as the operational viewpoint.




